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Introduction
There are a number of challenges that are to be faced by the developing countries with the higher pace of economic growth such as, urbanization and greenhouse gas emission. The increase in urbanization leads to a higher demand for fossil fuels which ultimately results in higher carbon emission (Kumar and Madlener, 2016), but the contribution mechanism of urbanization in carbon emission varies due to underlying factors, such as economic condition, dependence on fossil fuels, industrialization, energy consumption etc. However, it is required to analyze the role of urbanization in carbon emissions for China, specifically. Furthermore, it is also important to study the factors that are helpful to control the urban based carbon emission.
A number of studies have been made in order to analyze relationship of urbanization and carbon emission (Parikh and Shukla, 1995; York, 2007 Ding and Li, 2017) . On contrary, a number of researches have put forward the statement that the urbanization can be a reason for the decrease in carbon emission (Liddle, 2004; Mishra et al., 2009 Alkhathlan and Javid (2015) reported a non-linear trend between carbon emission and economic growth of Saudi Arabia, the reason for the positive relationship is the dependence on oil for energy, transportation and industrial activities. Kumar and Madlener (2016) confirmed that higher economic growth is among the major causes of carbon emission in India. Adewuyi and Awodumi (2017) reported that oil consumption and energy consumption have a significant impact on economic growth which further boosts the carbon emission. Previous studies have affirmed that industrialization is also a source of carbon emission ( In addition, the role of coal and oil consumption is considered as the main contributor to carbon emission in China (IPCC, 2014). As China is among the fastest growing economy as well as the biggest carbon emitter of the world (WDI, World Development Indicator, 2017); that is responsible for the around 30% of global carbon emission. According to the Information Energy Administration (2014), China is the second largest oil consumer in the world, the oil consumption of China 11.96 million bpd in 2015. Hence, on one side, the oil is important for economic growth, but, on the other side, the oil consumption has an adverse impact on the environment. The oil consumption, in form of industrial process, transportation, energy generation etc., is one of the main contributors of carbon emission. According to a recent statistics, the demand for oil will increase in the next few decades (Cook and Cherney, 2017). Coal is the main element of energy generation in China which contains around 65% of total energy mix (China Electric Council, 2016).
Previously, the studies have investigated the impact of economic growth, urbanization, industrialization, coal and oil consumption in carbon emission. However, after identifying the role of economic growth, urbanization, industrialization in carbon emission, current paper contributes to the existing literature through analyses the role of urban income to control the carbon emission, which is missed by the previous researches.
The current study has following objectives: the study analyzes the role of urbanization in carbon emission. Furthermore, the role of urban income to control the urban-based carbon emission is another objective. The main contribution of given study is to examine the role of annual average urban income to control the urban based carbon emission. It is known that the higher urbanization tends to boost the carbon emission by different channels: (i) forest need to cut down to extend the urban lands which causes to increase the carbon emission; (ii) higher urbanization triggers the industrialization, http://www.aloki.hu • 1 . In concise, higher urbanization directly or indirectly boost the carbon emission. On the other side, the urbanization trend is increasing since few decades and it will be higher in upcoming decades, as mentioned in Figure 1 . However, it is required to explore the counter measures that support to reduce carbon emission that is caused by urbanization. On this basis, this study assumes that higher urban income enables the urban population to invest in eco-friendly products that require less energy (e.g. advanced energy efficient home appliances, hybrid or electricity vehicles etc.) that assist to control the environmental degradation process. However, it is clear that urbanization increases the rate of carbon emission as well as it can also contribute to the green technology and its innovation (Martínez-Zarzoso and Maruotti, 2011). Finally, the regional based analysis is used to examine the carbon contributors and the role of higher urban income to mitigate the carbon emission. The findings can assist the policy maker to define the environmental policies to control the carbon emission. . This adverse relationship can be due to multiple reasons: firstly, there is a need to cut down the forests to increase the urban land which reduces the carbon balance. Secondly, higher urbanization requires the higher energy to meet the electricity demands, for transportation etc., however, this higher energy consumption causes to boost the carbon emission. It is necessary to find practicable solutions to control the urban based carbon emission. In light of this, we propose that the government should increase the per capita income of urban people and motivate them to buy energy efficient and environmental friendly products. In such domain, we use two assumptions: firstly, the industries are producing green and energy efficient equipment for industrial and household uses. Secondly, the urban population are motivated to purchase latest green technology household items; meaning that higher per capital income enables them to have environmental friendly items. The general form of studied model is given below:
The log form of model is below: it EG is the economic growth measured as gross regional product for each province (100 million Yuan). Difference-GMM, system-GMM and dynamic mean group (DMG) are employed for econometric estimations. We emphasize on panel data estimations due to following reasons: firstly, it assists to control the heterogeneity issues; secondly, is deals with the increase in degree of freedom. Thirdly, it is useful to control the multicollinearity issues. Table 1 reports the empirical estimations of difference-GMM, system-GMM and dynamic mean group (DMG). The findings of difference-GMM confirm the significant and positive coefficients of lagged carbon emission, urbanization, economic growth industrialization, coal, and oil consumption. These findings imply that higher urbanization trend, economic and industrialization activities, coal and oil consumption in different economic sectors are the main culprits of environmental degradation in China. On contrary, the coefficient of urban income has reported statistically significant and negative coefficient, which validates our hypothesis that higher urban income causes to reduce the carbon emission. The reason for this relationship is that the higher APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17 (5) Martínez-Zarzoso and Maruotti, 2011). However, the increase in urban income raises the chances that urban population buys advanced green technologies that are useful to control the carbon emission from urbanization. System-GMM has reported similar results; the positive relationship of lagged carbon emission, urbanization, economic growth, industrialization, coal consumption and oil consumption (there is a slight difference; the coefficients of industrialization and oil consumption are statistically significant at 5% level). The coefficient of urban income is statistically significant and negative, at 1% level, which illustrates that higher carbon emission can be managed by increasing the urban income. The estimations of the dynamic mean group present the positive coefficient of urbanization, economic growth, coal consumption and oil consumption, whereas, industrialization turns out to be insignificant. The coefficient of urban income is still significant and negative.
Results and discussion

Regional analysis
Empirical results of the regional analysis provide more insight that is useful for environmental policymakers, as the factors of carbon emission vary across different economic and geographical basis. The Chinese provinces are divided into six geographical regions to estimate the regional analysis. In Table 2 , the coefficient of urbanization has reported significant and positive coefficients in five out of six regions, Southwest region reports insignificant coefficient. These significance and positive coefficients of urbanization exhibit that higher urbanization movement induces the carbon emission in most of the Chinese provinces. In case of urban income, the results are statistically significant and negative in five out of six provinces. The results confirm the role of urban income in carbon mitigation in most of the regions, however, it is suggested that urban-based carbon emission can be managed by increasing the per capita income of urban population. Moreover, motivate the urban population to have eco-friendly home appliances and vehicles.
Economic growth is a source of carbon emission in all six regions of China, as mentioned by the positive coefficients. The coefficients of industrialization are significant and positive in four out of six regions (North, Northeast, East and http://www.aloki.hu • Southcentral), whereas, insignificant in two regions (Southwest and Northwest). It is not hard to conclude that industry is also responsible for higher carbon emission in China. Estimated results of coal and oil consumption mentioned statistically significant and positive coefficients in all six regions, which indicate that fossil fuels are among the main sources of carbon emission. As China is a developing economy that requires fossil fuels (coal and oil) for industrial process, transportation, electricity generation etc., however, it is quite difficult for China to suddenly replace the fossil fuels with renewable energy. 
Conclusion
There are two main objectives of given study: firstly, investigate the role of urbanization in carbon emission; secondly, examines the role of the urban income in carbon mitigation. The data from 30 Chinese provinces are used for empirical estimations that cover the time period of 1998-2016. Estimated findings have validated that higher urbanization causes the environmental degradation in China. In case of urban income, the coefficients present significant and negative results, which affirm our hypothesis that higher urban income likely to reduce the carbon emission by changing the buying behavior of urban population. The increase in income enables the urban population to have advance and green technology that uses less energy and have lesser emission than conventional technologies. The findings of economic growth, industrialization, coal and oil consumption are responsible for carbon emission in China. Similar findings are confirmed by regional based analysis; the higher per capita urban income assists to control the role of urbanization in carbon emission.
On the basis of above results, the study proposes significant policy implications that are useful to control the environmental degradation process. The study examines, the urban and central authorities should increase the urban income and motivate the urban population to acquire green technologies. The studies proposed that the government should impose the carbon tax on industries that force them to install carbon treatment plants. Lastly, the Chinese government needs to replace the non-renewable source of energy (coal and oil) to renewable energy (e.g. water, solar, wind, biomass etc.).
The authors have faced some limitations during the data collection and assigning the proxies; such as, the data before 1998 is missing in China statistical database which forces to limit the time series. For future studies, the authors can gather the previous
